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Improvement and Application of Imaging Technique for Trace Elements using Ion Microbeam
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Abstract

In the H27-3 project, micro-particle induced X/gamma-ray emission (micro-PIXE/PIGE) analysis and PIXE
tomography using a MeV-class proton microbeam were applied to various fields such as medicine and environmental
science by developing sample preparation and data processing methods as a result of intensive cooperation among 11
sub-groups in the 2016 fiscal year. In medical applications, the trace elements involved in various diseases were
researched, and the effects of medicines and medical materials were verified. Above all, an increase of silicon in lymph
of asbestosis, an increase of trace metal in lung microvessels after treatment with nicotine, and possible involvement of
calcium with the effect of bortezomib came out. Moreover, the micro-PIXE/PIGE analysis provided advances in the
dental material supplying fluorine and the radiosensitive nano-particle including carboplatin. In application to plant
science, it was revealed that the 2 lines of Lotus have different distributions of iron in their shoots and roots from each
other. For PIXE tomography, an efficient sample preparation method and more quantitative image reconstruction
algorithm were developed, and it was revealed that the elemental distribution in an adsorbent for high-level radioactive
liquid waste and a soil particle holding cesium. In addition, an experimental spectroscopy system for ion beam induced
luminescence was developed, and was successful in visualizing the distribution of a chemical state in standard samples.
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Figure 1. The high-power field images from the polarized
microscope and the anti-CD163 staining of the hilar
lymph node. White arrowheads indicate polarized
elements. Black arrowheads indicate co-localized anti-
CD163 antibodies.
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Figure 2. The quantitative analysis of inhaled elements in
the left and right lung parenchyma, lymph node, and
control lung by in-air micro PIXE.
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Figure 3. The characteristic X-ray counts from chlorine.
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Figure 4. The characteristic X-ray counts from potassium
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Figure 5. The spectra of PIXE and PIGE (U251 human
glioma cells) .
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Figure 6. The 2-dimentional location of the boron (B) ,
and phosphorus (P) , potassium (K) .
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Figure 7. The spectra and 2-dimentional location maps
from renal tissue samples.
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Figure 8. The relation between boron count ratio and
boron concentration.
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Figure 9. The particles imaged by micro PIXE camera.
A: Class I: Particles that have clear margin and distinct Pt
contamination, B: Class II: Particle that have unclear
margin and irregular contour, C: Class III: Particles that
were fragmented into the small particles.

53. fER

RStz X—7 ¢ 7 V% Figure 9-A |Z/~"d, /¥
—7 A 7 VPG A SN S HI K0 B TR
ThHoT,

Figure 10 (K&~ 7 1 PIXE |2 X 545 #ks %
RT, BB AT T, ERESASHIRR T, A IS
Carboplatin D25 L 54072 0> Class | O/ N—F ¢ 7
JTHSHRERA AT T 7.3405% T, 5 Gy s L7z
N=T 4 7V D 13£0.1% L0 b HEICHE T2,
FORERTIDOT N TH-T,

RN O BIZBRIES . —F AL
DI, Class Il D/8—F ¢ 7 )V OERELAAFL T, & PH
\Z Carboplatin DN LS fe/X—FT 4 7 Vv Tho
7oo OB, BURBRIREAITT 28.2£2.1%, 5 Gy
MRS C 33.7£32% T, T M Tho7z,

Class Il OFGHE X7z R—F ¢ 7 MBI LTI,
WURATS 173213 %, W% 52£1.9% ThH Y |
FRERTO T B 72 8 —T 4 7 AR %L Rb Tz,



[H27-3]

L
— 35
=20 .
j'-;_l_-.- B Unirradiated
:-__'1: 5 Gy irradiated
Cla .

Morophology of Particles.

Figure 10. The frequency of particles classified basing on
their morophologica changes. Cf Figure 9. The frequency
of those particles wase assessed by mean percentage of
particles in 10 vies of the in-air micro-PIXE at 12 X 12
um? area.
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Figure 11. The spectrum of KMSI11 after bortezomib
toreatment.
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Figure 12. The AIML for group WV and S-PRG
significantly lower value comparing to that for CONT (p
< 0.05, Kruskal-Wallis test) . There was no significant
difference in AIML between group WV and S-PRG (P >
0.05) . The F uptake for group EP and S-PRG had
significantly higher value comparing to that for group HI
and Cont (p < 0.05, Kruskal-Wallis test) . There was no
significant difference in F uptake between group WV and
CONT (p>0.05) .
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82.
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TV L, FfE I REETHEE O a2 R
Ty NICRE - AL, T ARERE LK
BRI AE LT, 794437 m b—AlCk
D 30 um EOREIV IR AR L=, ThEhoy)
FaRY) H—ARR— "7 4 VA EIZEEE L, 3 MeV
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e L7z,

83. MERLBE

Y a YoM B S RO ITCHEIEE & ICP-AES %
FWTHIE L7/ 6, B-129 13 MG-20 LV H iR
BT DEEENEWZ RSN (Table 1)
—J5 . Ht EEIC 3T MG-20 DS EE 0 5 A3
ZEMND, D DOFRM TIIARBHE D BRI L 7= 8k
Zo. KRB EERAER ST D 72 O OSREETEMEI R
MR H D Z EPNRB ST, B-129 ORIZIW
TEDL ) BREALICEHENERE L TWDE0EH LM
T 572 DI KA Micro-PIXE 51T L 5 8D B TEfRAT
T L Z A, B-129 OARMREMNIZ B\ TEET
7RBRD JRTENFRD Hivlz (Figure 13) . RITEFMAL %
FFET A0, MO ELZHARIIRT I U U LA
OE L ERIZE A, TR EHEE RIS T
DEPLZEED B L TWAZ ENHL N E RS T2,
ZDOZENG, MG-20 & il LT B-129 TlIARIEER
BAOEBENELL , FREEEN LIgoM L
~OEENIHI SN TWD Z EAVRB S, B
W CIEERIEL 7 = U L8R A TEAL L Tt S b
ZERHMLNTERY, EEN~Y ZURREIET D
FEREMK T35 & M B~ Sk 3 i S b =
B0 = 5 BE T A ARRE D R A2 & 4y
FEWERNIHFET D2 2T, SYvaZYickirs
SREEE D — RO IR Db EEZ NS,

Table 1. Iron Concentration in Shoot and Root of 2 L.
Japonicus Lines, MG-20 and B-129

Concentration { nmal / g DVW. )

Element Accession Shoot Root
Average 5.0, Average 5D.
Fa MG-20 12935 122.2 1905.9 247.1
B-119 810.8 B0.6 32542 473.6

D.W. Dry weight, S.D. Standard deviation (n=5)

K

Figure 13. The iron and potassium localization in root tip
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of B-129 line measured by micro-PIXE.
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AHFFE T, ~A 7 v PIXE, E&EBIRA A4 Bk
(STIM, scanning transmission ion microscopy) . A
#e & - #H £F E & K fk ( ML-EM, maximum
likelihood-expectation maximization) 7 /L3 U X A%
MAGDET PIXE NES T 7 4 3T AT L%
HLTND, KRYAT ATHEHM/NUEZ Rl S5
VBN D7, URENIMNARY A I FFa—T7%
RDIZH v ML, ZOXEICEEE#E L TWhen
2 PAMEE F O~ = o L— 252 AW - B EN
Lnote, A, BEREZBA LT —HRr 774
N—THREZR W T D Z & T, Figure 14 © X 5 72
2=y VERGHIERTEDL LD hoTe, I—
R T 7 AN—DNEBICEEND T LR DD,
STIM FE27 77 4 DFERNLEEE —R T 7
A N—DEREHBTHR L, PIXE NEZZ 7 4D
BT ONWT, TR ENOfHEERICE— AT v
F—DOREGIR X BRI ZAIE L 72, ML-EM (2 &
LEBREME T ERLeHE M2 n T Lk
PR L7z, EBICTARE LT, ZEY Y WS
MR D Je 85541 A2 JIE L 7=,

\ S

“re
Carbon fiber N

Figure 14. The microphotograph of a target for PIXE
tomography. Bolus silica particles were stuck to a carbon
fiber with glue.
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% L72 PIXE NEZ T 7 40 AT A%, 3
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AEHIEEEA T — T 9°FoEER L, 10 43[E X 40
(8] D BERALINE 23T I 5, STIM hE 7T 7 4 T,
9°¢°> 5 73[H] X 40 B D FAG M E 3K 100 cps D &
— LR CITH T, Figure 152 STIM b€/ Z 7
£ TEEZREBIO SR TR E R, ZOMENS,
PIXE NEZ T 7 4128 D2#2B O X FRoFA N
T RSP X DA IE 24T - 72
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Carbon fiber

s ]

Sample

Figure 15. The 3-dimensional density distribution
measured by STIM tomography.

93. #EE

Figure 16 (Z PIXE N &7 7 7 412 X W EH R %
RT, 2O X oI, REIOEEE & Eig EE kL
BE L, WEMICER LW D METTHE S 2 HIE
THZENTER, ZORBIE. BEMDOKRZAT
) ECIFHICHERTH D,

-

Figure 16. The 3-dimensional relative distribution of Eu
measured by PIXE tomography.
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Figure 17. The cross-section images of Cs in soil sample
before applied correction and after
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12.2. B

IBIL BESSY SEo3HT S AT L ORElS & Figure 18 (2
T, RVATLTIZ, 3MeV DOKEA T ~A7
nbE— AR E LCHESND IBIL % BEKE
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In vacuum

Confocal point
of mlncrocbeﬁm and
IBIL optics

Si(Li) X-ray detector
(PGT LS30135)

Viewport |
i In air In vacuum

Fiber input
Y\(SMA connector)
CCD-based spectrometer
UV-Vis CCD spectrometer = E <

S

Conventional PIXE
signal processing system

Figure 18. The schematic drawing of IBIL microanalysis
system with micro-optics.
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12.3. FE5

Table 2 |Z#EREY) L BRSO IBIL B — 27 Il E O H]
o0 KEEICB W CEA Y — 7 EROZER
ZER LT,

FEENENOEEYREEICIXEFEO Y — 7 E
W2 CENENEA OLEHIED LN R
(NADH 400-600 nm, Y AR~ Z £ > 500-600 nm,
YO RY 7 M7 7 500-700 nm) &AL Tz,
Figure19(Z, FU 7' F 7 7 U b EF 6072 IBIL A
7 MERIRT D, PIEREERNS, IBILOE— 27
Floko THEERABIOREZ MBI AETH D Z &0
RN,

51T, 3-MeV k#FEA F o~ A 7 a b —LRETH
2 IBIL OREEZLDOBAFIZHEEY L=, — Bl & LT,
PAH (RyV[alt' L) OREHERELZ AT L
7o MU OBRIAREZ, bV IBIL B — 27 13549 580
nm CTho7o, B —AREENK 1013 cm?2 Th 55
By AN MICHEE O E— 7 3B, RS R
MT B2 TE—7 OIRELNRE( L7=R PIXE
M TIE I NS OZER TR T 720y, Eifh7e
IBIL 73HT TIX Z 4L b DAL U Db poiE
EALDO UL TE 72, & HITKEHPIRL 172 K% um
FEDRIEEDRENZ OV T Y, IBIL TOZE BN
ARETHD I L NERTE T,

Figure 20 |2, K&k 7230k & L72BE o IBIL
AT NV OEGHREG &9, IBIL DI LRI
B LR REOIA S 1013 cm? 2 £ T Tl
WTE 7272 700 nm ILfHED B — 7 {22\ T, B
HETTICAEVY 8X 1013 cm 2 F2 & D MUN I 3\ Tl
WZHTe e — 7 L LTREBLT D Z LR T T,

Table 2. Examples of IBIL Peak Wavelength from
Inorganic and Organic Targets!'’]

Chemical Composition Wavelength
SiO; 425, 460 nm
AlLO; 325 nm
NADH 430 nm
Riboflavin 525 nm
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Figure 19. The example of IBIL spectrum obtained from
organic targets excited by 3-MeV proton microbeam.

T T T T T
Target : Aerosol
r| — 0.2x10% ions/cm?

— 2.9x10% ions/cm?

— 7.9x10"ions/cm?

IBIL Intensity [a.u.]

200 200 600 800 1000
Wavelength A [nm]

Figure 20. The example of IBIL spectrum obtained from
aerosol target obtained from natural environment. A
broad peak was observed in spectrum after certain
exposure to the proton beam irradiation.
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